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0 Method for the preparation of titahium-sillcalltes. 

® The invention concerns a method tor the preparation of titanium-sincaBtBS. In the presence of « te"»P^"g 
agent characterized in that a preformed T1Q2-SIO2 copredpitate Is impregnated with an aqueous solution of said 
templating agent and in that the thus impregnated material Is made to acquire the zeolite structure of the 
titanium-silicaiites by means of a hydrothenmal synthesis. 
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EP 0 311 983 A2 
METHOD FOR THE PREPARATION OF TTTANIUM-SIUCALrreS 



The invention concerns a method for the preparation of titanium-sincalftes. suited for the catalysis of 
many an organic synthesis, in particular of the ammoximation in the liquid phase of carbonyllc compounds 
(see European patent 208 311), or the synthesis of propylene oxide (see European patent 200 ^0). 
5 palwit 3 702 886 discloses a new class of aiumino-sificates, prepared by hydrothennal (or. by ^ 

other denomination. "i^rthermalT synthe^s, in the presence of a templating agent which alumlno^iOcates 
are showing a zeolilic stnicture. nowadays indicated as PEI^ASIL stnjcture, because of the geometrical 
shape of the secondary structural units; these alumino-silicates are mainly consisting of ZSM-5 zeoiltes. 
More recent catalysts are completely consisting of crystalHne siOcas (substantially aluminium free), having a 
10 zeolitic structure of the PENTASIL type, similar to the structure of the 2SM-5 »pBlBS. as disclosed in U.S, 
patents 4 073 865 and 4 081 724, these particular silicas being Indicated with the term "smcalltes". Still 
more recently U.S. patent 4 410 501 discloses a synthetic, crystalline and porous catalytic material, 
containing titanium, silicon and oxygen in a combined fonn and having a structure similar to the stnjcture of 
the ^licallte. titanium being present In the structure as a partial substituent for siDcon; In said U.S. patent 
15 this kind of matenal Is dearly indicated by the expression "titanlum-sllicalltB" and the same term Is reported 
in a large number of other patents as well (EP 132 550; EP 190 609; EP 208 311; EP 267362). 

The preparation of the ttanium-silicalites was based, until now, on the initial fonnation of a gel 
disper^ in an aqueous solution, foflovred by a heat treatment in an autoclave under autogenous pressure 
(hydrothermai synthesis); as the silicon source use was made of a tetra-allcyl-ortho-sillcate, of sIRca in the 
20 colloidal forni or of an alkaH metal silicate and as the titanium source use was made of hydrolyzable 
compounds, selected preferably from TiCU, TlOCb and Ti (alkoxy)*. Said preparations reqiwred however a 
high H20:SI02 ratio, as well as a high (templating agent):Si02 ratio and the reactante needed to be healed 
at a very high temperature for a very long time. The Applicant has now found an attemative, very simple 
and reliable method, which allows to prepare a titanium-silicalite while lowering in a drastic way the 
25 H20:SiQ2 ratio and therefore the amount of the reactante, as well as the volume of the apparatuses. 

The invention. In tts broadest a^ect resides In a method for the preparation of tttanlum-sllteafites, m 
the presence of a templating agent characterized in that a TIO2-S1O2 co-precipitated ntaterial. amorphous 
or having a crystalline structure, containing titanium, siFicon and oxygen in a combined form, is impregnated 
(preferably "dry-lmpregitated") with an aqueous solution of said templating agent and in that the thus 
30 Impregnated material is made to acquire the zeolite structure of the tltanium-sincalltes by means of a 
hydrothermai synthesis. . ^ _ 

We win now supply some detail concerning the definition of said material. The Ti02 coprecipftates, 
which are also known as "TiOa-SiCfe binary oxides" or as TiOa-SlOa mixed oxides" are solid compounds 
obtained by bringing Into contact, under predpitatfon conditions, at least two solutions fin water and/or in 
ss another solvent) containing soluble compounds of titanium, silicon, and oxygen; the compo sition a nd 
morphologic stmcture of these compounds may greatly change depending on the reactante concwitraBon, 
on the solution pH, on the solvent nature and on other co-predptftation conditions. A few examples 
concerning the preparation of these co-predpltales are recorded on an article of tiie JOURNAL OF 
CATALYSIS 35, 225-231 (1974). the content of which Is an Integrative part of the present disclosure (see 
40 also tt)e pleritiful material listed in tiie references of said article). The possible crystalfine structore of said 
TiOa-SiOa co-preclpitates, obviously, must be different from tiie crystaUine structure of tiie derivative. I.e. of 
the titanium siBcalites. 

By operating in such a way the hydrotiiermal symhesis is canrled out In tiie presence of lower amourts 
of templating agent and at a tower temperature, witii respect to ttie usual metiiods. The new mettiod allows 
45 to avoid ttie formation of a gel dispereed in the Uquid phase and therefore tiie syntiiesis time is lowered in a ^ 
drastic way: moreover It allows to use. as ttie silicon and titanium sources, sofid Ti02-SI02 co-predpitates. » 
which can be eaa'ly obtained or can be direcUy found on the market 

The TIO2-SIO2 co^dpltates generally show a composition range, expressed as Si02:Ti02 mdar ratio, 
from 20 to 200. Exceltent resulte were obtained by using TI02-Si02 commercial co-predpitates. showing a 
60 SiOa-TlOa molar ratto from 30 to 80. The TlOa-SlOa co-precipitates having a high pore volume and a high 
surface area, for instance a pore volume higher ttian 0^ cm^/g and a surface area higher ttian 200 m^/g, 
proved to be particularty suitable. The^ co-predpltales are generally available as a powder or In tite form 
of pellete (average size = about 1-3 mm). 

When starting from powdere. ttie average size of ttie obtained titanlum-silicalites ranges from 0.2 to 0.5 

micrometers. 
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The TlOa-SjOa co-precipitatas, preferably dried at 100-300*0. are impregnated witti an aqueous 
solution of the templafing agent excellent results were obtained by using the dry Impregnation technique 
descn-bed for Instance by IND. ENG. CHEM. PROD. RES. DEV. 20. 441 (1981). whose content is an 
integrative part of the present disclosure. . 

The temptaBng agents, which can give rise to zeolites, silicalltes and titanium-silicalites showing a 
PENTASIL structure, are (as it Is known) an awful lot: see for instance: la Chimica e I'IndustrIa (VoL 67 N. 1- 
2; January-Febnjary 1985). the content of which Is an integrative part of the present (fisclosure. We dto. as 
a mere example and summarily: amines, organic nitro-compounds. alkylene glycols and alkanolamines; use 
is generally made of telra-propyl ammonium hydroxide or bromide. The thus impregnated solid is then 
transferred Into an autoclave and it Is kept there at 130-170*0 fdr a time generally ranging from 2 to ^ 
days, preferably from 3 to 1 1 days. When the synthesis Is over, the solid Is rinsed wHh H20 till a neutral pH 
IS obtained, afeterwards it Is dried, for instance at 120 C, and calcined, for Instance at 430 C. Altemalwely. 
the pnjduct may undergo, after drying and before caidnatton (or after calcination), an "activating" washing, 
based on hydrogen peroxide, optionally in the presence of an inorganic add. according to what is 
described, for instance, by European Patent 267382. The compodtion of the material to be submitted to the 
hydrothemtal synthesis, expressed as a molar raifo between the readarts. is. as a general rule, as follows: 



so 
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generally 


preferably 


SiOa : T1O2 
OH- : SIO2 
H2O : SIO2 
fUN* : SiOa 


20-200 
0.03-0^ 

0.1 -10 
0.03-0^ 


30-80 
0.05-0.10 

0.5-4 
0.05-0.10 


RiN^ being the organic cation 
corresponding to the templating' agent 
that was used. 



The X ray dffractomefric analysis shows that the obtained compound, according to the new method. Is 
crystainne and is characterized by the typical reflexes of the titanlum-slHcame. reported in U.S. p^ 
4.410.501. In figure 1 a typical dlffractogram Is reported, obtained according to the process descnbed In 
Example 1. by using the Kb radiation of copper. The presence of titanium as a partial substituent for siricon. 
In the crystalDne zeolitic structure, was confinned by the presence, in the infrared O-R ) spectrum, of a 
characteristic absorption band hawing a maximum subslantlaily at 950 cm-^ This band, as shown in U.8. 
patent 4.410.501. does not appear In the l.a spectrum of the pure sillcallte, free from tHanium, or in the 
mechanical mixtures of metal-sllleales and of titanium cfioxkte described by U.S. patent 3.941 .871 . 

in figure 2 an I.R. spectmm is set forth, whtoh Is typtoal of the compound obt^ned according to the 
process described in example 1. The measure of the band inten^y at 950 cm' (on a large number of 
samples of well crystaBlzed titanlum-slHcaliles. having a different iHanlum content) altowed to determine the 
numerical factor to be used for the calculation of the titanium concentration, just starting from the intensity 
of the band at 950 cm-'. The determination of the absorption isolhenn of nitrogen, according to the known 
BET method. aBowed to ascert^i that the volume of the intererystalilne cavities was 0.170K).185 cm^/g, 
typical of the crystainne solids having a stnicture of the PETfTASIL type, just as the tWanlum-silicalites. The 
titanlum-siRcames preprared according to the Invention, m whteh the mdar ratio TVfn+SO ranges from 
00120 to 0.0190, were succesfuily used for the ammoximation of carijonyOc compounds such as. for 
distance, acetone, cydohexanone. methyi-ethyl-ketone (butan-2-one). acetophenone and cyclo-dodecanone. 
as weO as Ibr the oxidation of propylene to propylene oxide. ^ . 

The ammoximation may be carried out at 25-100 C (preferably 30-90 C. in particular 60-90 C): tests 
carried out at 15* 0 supplied quite not satisfactory results. The reaction may be carried out at atmosphenc 
pressure or at a pressure sUghtly higher than the atmospheric, in order to maintain the NHs. in amounts at 
least equal to the synthesis requirement, dissolved in the reactkw medium. The molar ratio H202: 
caibonyHc compound may generally range from 0.3 to 2.5 and preferdjiy from 0.5 to 1.3. where for H20a 
pure (100%) hydrogen peroxide is meant (any dilution water e)«:hMled). The molar ratios NH3: ketone, 
caibonylk: compound: NHs and NHs:Ha02 are preferably equal to or higher than 1 (even better higher than 
1 5) otherwise parallel leacfions can occur. The reaction medium may consist of water or of an organic 
solvent tert-butand and/or cyclohexand. optionally In admixture with dioxane or toluene, proved to be really 
suitable solvents. The molar ratio solvent cartJonyRc compound may generally range from 0.1 to 100. 
The foBowing examples will illustrate the invention, without Dmiting however in any Its scope. 
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Example 1 _ 

20 g of an (amorphous) TiOa-SiOj co-predpltate. traded by the GRACE Company as GRACE SiHca- 
Trtania No. 1 TYPE I. containing 2.6% by weight of Tl. having a surface are (BET) of 467 m^/g and a^ 
volume of 1i)7 cmVg. were dried at 300 C for 4 hours; thereafter they were dry-impregnated with 20 cm^ of 
an aqueous solution of tetrapropyl-ammortium hydroxide at «)% by weight The thus Impregnated solid 
material was directly transferred Into a 50 cm^ autoclave, where the hydrothermal synthesis was earned out 
at 150* C m 10 days, without stirring. Then the soHd product was rinsed w«h deionlzed HjO. till neutral pH, 
dried at 120 C for 15 hours and calcined at 430*C for 10 hours. The molar ratio Ti: (Ti + Si), In the end 
product, was 0.0188. accwdlng to the elemental analysis, and 0.0183 according to tiie analysis by infrared 
ray O-R-) spectrophotometry. The difference between the two values was not higher than the overall 
experimental error of the two methods. The volume of the Intercrystalline cavities, measured by nitrogen 
absorption, was 0.182 cm3/g. corresponding to a crystalDnlly degree higher than 95%. The average size of 
the obtained particles was 0.5 micrometers. 

Example ? 

A glass reactor, equipped with a stirrer and heating Jacket, was pressurized wHh an Inert gas (nitrogen). 

20 Then 1.5 g of a fine powder of titanlum-slllcaBte. obtained according to example 1 were loaded Into the 
reactor. One added then 21 g of water (1.17 moles), 25 g of t-tartyl alcohol (0.34 moles) and 4 g of 
ammonia (0.24 moles); after having put tiie whole under stirring. 10.34 g of cyclohexanone (0.105 moles) 
were loaded, thereby ftonning a biphasic (solld-Bquld) system, that was kept homogeneous by powerful 
stining. Temperati»e was gradu2tfly increased up to 80* C, by conveying a ttwmbstatic llqukl Into tfie 

25 reactor jacket One started ttwn to feed into tt» reactor, by means of a metering pump, an aqueous solution 
of hydrogen peroxide at 27.4% by wdght During ttie heating, tiie pressure rose sightiy over ttie 
atmospheric level. 

The addition of hydrogen peroxide was continued over 5 hours and 11.33 of HaOz P).098 inoies) were 
fed (on tiie whole): during tiie addition a pressure drop was registered. 
ao After cooUng, one added to ttie tiius obtained suspension ettiyl ether and one stined for a few minutes: 
tiien *e aqueous and eUiereal phases were separated from ti» catalyst by filtration. The liquid phases were 
separated On a separatory funneO and ttie gaschromatograpWc analysis showed an 85.4% cydohoanone 
conversion and a 955% setectivity to oxime; 6.4% of H2O2 was tost because of decomposition and ttie 
oxlme yieM (wUh respect to HaOz) was 90.0%. 
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Example 3 (Activating washing of ttie catalya wHh H202) 

10 g of ttie titanium-^HcaUte prepared according to exampte 1 were soaked (at 70* C) into an aqueous 
solution, prepared by mixing under stirring 20 cm^ of aqueous HaOz (at 30% by weight) witti 177 cm* of 
aqueous of H2SO* at 10% by weight after 2 hours ttie Oquld was separated by decantaUon. This activating 
washing (witti H2O2 and HaSO*) was repeated twice wtth a fresh solution, whereafter a filtration was rarried 
out foltowed by a tong rinsing witti detonized H2O (tiU neutral pH). THe rinsed solid was dried at 120 C for 
15 hours and finally catelned in ttie air at 580* C for 2 hours. The molar ratio T1:(n + a), in ttie end product 
was 0.0167 according to ttie elemental analysis. The volume of tiie intercrystaPine cavities, measured by 
nitrogen absorption, was 0.183 dh'/g. 

Example 4 

Example 2 was repeated replacing ttie former catalyst by a new catelyst activated by a treatment wtth 
HzSO* and HjOa as described In exampte 3: ttie experimental procedure was tiie same, whereas tiie 
amoums of flie reactante were: 10.42 g of cyctohexanone (0.108 motes) and 1 1 .67 g of HzOt at 2.4% (0.094 
moles). One obtained ttie foltowing resutts: 
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Cyclohexanone conversion 
Selectivity of cyclohexanone to oxime 
OxiTne yield (with respect'to HaOa) 
Hydrogen peroxide loss 
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B^nipieS 

Example 3 was repeated, replacing the basic co-predpitate by an amorphous copredpitate traded by 
the GRACE Company as Sillca-Titania No. 2 Type lii. containing 1.38 by weight of titanium, having a 
surface area (BET) of 342m2/g and a pore volume of 1.21 cm»/g. The product obtained from the 
hydrothermal synthesis, activated by a treatment with H2S0i and hydrogen peroxide, showed a molar ratio 
Ti:fn + Si) of 0.0122 according to the elemental analysis. The volume of the intercystainna cavities, 
measured by nitrogen absorption, was 0.184 cm^/g, conresponding to a cryslalllnity degree of 98%; the 
average size of tiie obtained particles was about 0.5 micrometers. 



20 Example 6 

Example 2 was reported repladng the fonner catalyst by a new catalyst prepared according to the 
procedure described In example 5 (starting from a different TiOz-SiOa matrix), activated, after the 
hydrottiemial syntiiesis, by a treatment witti HaSO* and hydrogen peroxide; tiie amount of tfie reactants 
25 were 9.51 g of cyclohexanone (0.097 moles) and 10.25 g of H2O2 at 31.5% (0.095 mol^). The obtained 
results were: 
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Cyclohexanone conversion 


88.8% 


Selectivity of cyclohexanone to oxime 


100% 


0)dme yield (witii respect to H202) 


91.7% 


Hydrogen peroxide loss 


7.5% 



The results of tiie examples are summarized in Table 1. 

TABLE 1 
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EXAMPLE 


2 


4 


6 


Catalyst 


From ex. 1 


From ex. 3 


From ex. 5 


Ketone conversion (%) 


85.4 


83.8 


88.8 


Selectivity of ketone to oxime (%) 


95.9 


99.7 


100 


Oxime yield, wittt respect to HaOa (%) 


90.0 


94.4 


91.7 


H2O3 loss (%) 


6.4 


2.5 


7.5 
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Claims 

1. A metiiod for ttie preparation of titanium-sificantes in tiie presence of a templating agent character- 
ized in that a co-precipitated T1O2-SIO2 material, amorphous or having a crystalline stmcture. containing 
titanium, silicon and oxygen ina combined form, is impregnated witii an aqueous solution of said templating 
agent and in tiiat ttte ttius impregnated material is made to acquire ttie zeolitic structure of tiie titanlum- 
sificalites by means of a hydrothermal synthesis. 
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2. A method according to daim 1, wherein said co-predpitated material is amorphous. 

3. A method according to claim 1 or 2. wher^n the pore volume of the co-predpitato is higher than 0.5 
cm^/g, the surface area being higher than 200 m2/g. . . 

4. A method according to anyone of the preceding daims. wherein the Si02:TI02 molar ratio, in said 
co-predpttate. ranges from 20 to 200 and preferably from 30 to 80. 

5. A method according to anyone of the preceding daims. wherein said co-predpitate is impregnated 
according to the dry-impregnation technology. 

6. A method according to anyone of the preceding claims, wherein the titanium-silicallte undergoes, 
before being used, an activating washing, based on hydrogen peroxide, optionally in the presence of an 

inorganic add. . . ^ , 

7. A method according to anyone of the preceding claims, wherein said templahng agent is selected 
from tetrapropyl-ammonium hydroxide and tetrapropylammonium bromide. 

a A method according to claim 7, characterized by the following molar ratios (In the material 
undergoing the hydrothermaf synthesis): . 
SI02m02 = from 20 to 200 , 
0hr/SI02 = from 0.03 to 0.20 
HaO/SiOa = from 0.10 to 10 

RiN*/SiQ2 » from 0.03 to 0.20 ^ 
wherein f^N* is the nitrogen containing organic cation, corresponding to the templating agent used. 

9. A method according to claim 8, characterized by the following ratio: 
SiQ2/H02 = from 30 to 80 

OH-/SIO2 = from 0.05 to 10 
H20/SiC)2 = fnDm 0.50 to 4 

R4N*/SI02 = from 0.05 to 0.10 . . ^ . s 

10. Use of the product prepared according to the method described in anyone of the preceding claims, 

for the oxidation of propylene to propylene oxide. . ^ . . ^ ^ 

11. Use of the produd prepared acconding to the method described in anyone of the claims 1 to 9 tor 
the ammoximation in the liquid phase of a cariDonylic compound. 

12. Use according to claim 11, wherein said carbonyiic compound is cyclohexanone. 

13- Use aocoitKng to daim 12, wherein said cydohexanone is fed to the ammoximation zone in the 
form of a mixture with cydohexand and hydrogen peroxide. r ^ 

14. Use according to dam 13, wherein said mixture comes from a partijal oxidation in the fiquid phase 

(autooxidation) of cyclohexanol. ^ , . *^ ^ 4^ 

15. Titanlum-siHcalites, obtainable acconding to the method described in anyone of the claims fonnn 1 to 
9 consisting of particles having an average size ranging from 0.2 to 0.5 micrometers, in which the.TI:- 
(Ti+Sl) mdar ratio ranges from 0.0120 to 0.0190 and In which the volume of the intercrystalllne cavities 
ranges from 0.170 to 0.185 cm^/g. ^, ^ , o 

16. Tjtaniuin siltcalites acconding to claim 15. showing the X ray diffractogram of figure 1 and/or the I.R. 

spectrum of figure 2. 
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Fig. 2 



